Objectives-The purpose of the study was to investigate potential reproductive effects of sodium berates on occupationally exposed male employees at a large mining and production facility in the Mojave Desert of California.
The purpose of this study was to investigate potential reproductive effects of sodium borates on male employees who worked in a sodium borate mining and production facility in the Mojave Desert of California. Several scientifically valid studies have assessed the reproductive effects of sodium borates in oral ingestion studies on male laboratory animals. Although there are no similarly controlled studies in humans, Tarasenko et al suggested adverse human reproductive effects among Russian workers exposed to high levels of boric acid dust. ' The adverse effects of sodium berates were first reported by Caujolle et al in 1962 , who used a massive single dose in rats. Later studies by Weir and Fisher3 and Dixon et al45
showed that chronic doses >1000 ppm boron in the diet of male rats produced testicular atrophy. Lower doses did not produce such effects. These studies have been replicated in mice by other investigators (Fail et 7) . In recent studies of boron on tissue deposition in rats, Treinen and Chapin' and Ku et a19 found no accumulation (above plasma concentrations) of boron in the testes or any other soft tissues. Lee et al showed that boron was more concentrated in the testes than the blood of rats. The only human data, reported on Russian workers by Tarasenko et al, suggest
an effect on testicular function including sterility, but the workplace dust exposures were reported to be four to eight times the 10 mg/M3 Russian permissible exposure limit" listed by the ILO.
Participants in our study were all employees of the US Borax mine and production facility in the Mojave Desert near Boron, California, in the United States. This relatively isolated site had a large group (750) of employees with occupational exposure to sodium borate dust and desert soil with little other exposure. The borate exposure covered many years, as this group offered a relatively long average length of service (18 years) . Observations based on current exposure measurements are thought to be conservative, as exposures were most likely to be significantly higher before the 1980s. Individual information and results obtained during this study have been kept confidential in agreement with participants before the start of this study. Only statistical data and averages have been reported.
At the start of the study, there were no data regarding the reproductive effects, if any, on the company's employees exposed to shown that recall bias for time to conception may be less than we originally thought.14 Methods We examined any adverse influence of occupational exposures to sodium berates on fertility by studying the reproductive performance in terms of live births among the wives of the workers. The summary index for assessing the risk of infertility is the standardised birth ratio (SBR). Specifically, the number of live births born to the wives of the workers after exposure to jobs of concern (deferred by nine months to accommodate the normal human gestation period) was compared with the number of births that would be expected if the study population had (after adjustment for maternal age, race, parity, and calendar time period) the same reproductive experience as a comparable non-exposed United States population.
The number of expected live natural children born to the wives was derived from national female fertility rates (birth probabilities) by parity, maternal age, race, and calendar year for successive birth cohorts that have been published since 1917 by the National Center for Health Statistics (Mosher and Pratt '5) . No state or local rates were available. As such, the fertility of married male workers can be indirectly inferred from that of their respective wives.
This approach assumes that the male subjects of the study are the exclusive consorts of their wives. Single men are not included in the analysis, as reliable data on their fathering of offspring will not be available. Male reproductive performance in terms of live births has been little studied, and only limited national male fertility rates have been published.
Another method to assess reproductive effects is to examine the ratio of male to female offspring. In the United States, the number of males born/1000 live births is 512 (51 2%) with the number of females being 488 (48 8%). The male/female ratio is 1-05; whereas the female/male ratio is 0 95. In this report, we have described our results in terms of the percentage of female births present in the total population. '6 If a toxic agent alters the spermatogenesis production process, then the number of sperm cells carrying the sex chromosome material (y for males and x for females) theoretically can be altered. For example, if the spermatocytes carrying the y chromosome are selectively decreased, one may see an increase in the percentage of female births as the reproductive effect. Potashnik et al '7 showed that females comprised 80% of the offspring who were fathered by men who had recovered from severe testicular effects caused by exposures to dibromochloropropane.
In October 1990, we travelled to the facility and made multiple presentations to small groups of employees. At the end of the presentations, a two page questionnaire was dis- We selected a 10% random sample of the questionnaires and conducted an audit of their corresponding medical insurance eligibility records. We found that these sources were not as complete-for example, children who were no longer dependents were not listed on the employees' health insurancehowever, there were no additional children in these records not previously identified from the completed questionnaires. During a site visit, we collected detailed work history information for all of the employees. Job titles, departments, and dates were coded and entered into a separate data base. Again, these data were subjected to edits and any errors detected were corrected.
Hu et al studied the exposures of workers at the facility from 1981 to 1988.'9 They evaluated certain job titles in each department and obtained a mean exposure level for that job title. Also, they estimated exposures for job titles within a department for which they did not obtain data by taking a weighted mean of those job titles for which they had data. Thus, for each job title and each department, they reported a mean exposure value.
There were two generic types of exposure categories during the study period of For 1989, we used the same data as for
1988. There were no uniform exposure data before 1981; however, based on reports from the company personnel, exposures were higher, especially in some departments. We elected the conservative approach and used the same data as provided by Hu et al for exposures before 1981 for each individual. As respirators were not used in the two departments with non-constant exposures described above, Hu et al multiplied those exposures by 3-5 to account for lack of protection from respirators. As these exposure data were the most objective available, we used them in our analyses. We developed an average exposure value for each employee with these data.
Results

DEMOGRAPHIC
There were 753 eligible male employees on 1 October 1990. Five hundred and forty two (72%) participated by completing the questionnaire: 426 by completing the self administered questionnaire and 116 by participating in the telephone administered questionnaire.
There were 211 (28%) who declined to participate in this study. Table 1 shows the demographic information on the participants and non-participants.
There were no significant differences between the participants and non-participants for race, marital status, average age, length of employment, age at hire, year of birth, or year of hire.
The questionnaire contained three questions regarding personal medical history: vasectomy, inability to conceive a child after more than one year of trying, and ever sought help for fertility problems. Almost all of the participants answered these questions (97%). Thirty six per cent of the participants had had vasectomies. This compares with a national average of 7%.14 Nine per cent had reported the inability to conceive a child with more than one year of trying; whereas, 5% had sought help for fertility problems. These two results are lower than the national averages of 15% and 8% respectively (Whorton et al 20) .
STANDARDISED BIRTH RATIOS
There were 529 observed births fathered by the participants when only 466-6 were expected, thus resulting in a significant excess in the standardized birth ratio (SBR = 1 13, P < 001).
The SBR for the non-participants for whom some offspring may not have been counted in the insurance records is 92, with 155 observed and 169-2 expected in births. Table 2 shows that the overall SBR for both groups is 108, which is significant (P < 005).
We obtained the average borate exposure value for each of the participants. We then developed five equal sized exposure categories and used these five categories to assess the effects of sodium borate exposure on fertility and sex ratio of the offspring: < 0-82, 0-82 to 1.77, 1-78 to 2-97, 2-98 to 5 04, and > 5 05 mg/M3. The mean exposures for each category 
were 0 37, 1-34, 2-23, 3-98, and 8-58 mg/M3 respectively. Table 3 shows the demographic characteristics for the five exposure categories. As expected there were minor differences among the five groups in most characteristics, but none were significantly different. Table 4 shows the SBRs for each of the exposure categories for the male respondents. The SBRs are significantly raised for both the lowest (151) and highest (125) exposure categories. The SBRs of the middle three categories are close to the expected values. There was no statistical trend in these data.
We then compared participants who had worked at high exposure jobs for more than two years consecutively with participants in all other job categories. There were 42 participants in these jobs. They had worked in the high exposure jobs for a mean (range) of 4-9 (2 1-20-4) years. The mean (range) exposure was 23-2 (17-6-44-8) mg/in.
These 42 participants were somewhat older (average age of 47-6) and had worked for the company for an average of 22-8 years. Forty eight per cent had had a vasectomy and 3% sought help for infertility. The observed number of births for this group of highly exposed men for their total work history was near the expected number (SBR = 102). We wanted to know if the SBR for these 42 highly exposed employees was influenced during the time the participants were actually working in the highly exposed jobs. We looked at the SBRs for three periods after the beginning of high exposure: 12, 15, and 18 months. We also followed the individuals for one year after the end of the high exposure period. The 12, 15, and 18 month periods were chosen to allow for 1, 2, and 3 complete spermatogenic cycles to occur in the male employees after beginning work in the high exposure job. The 12 months after was included to examine the effects of high exposure but not too long to allow for recovery of spermatogenesis if an adverse effect had occurred. A normal human spermatogenic cycle is about 90 days: 70-72 days in the testis and 7-21 days in the epididymis. Table 5 shows that in all of these periods, the observed births were in excess of expected. This seems to show that no adverse effects on fertility occurred during this period of high exposure. As stated above, the average calculated exposure during high exposure was 23-2 mg/M3.
The plant had a long strike in 1973-4. There was a concern that the excess SBRs could be related to that strike. A non-significant raised SBR of 136 was found during the nine month period after the beginning of the strike and this continued for nine months after the end of the strike. As this SBR represents an excess of only 4-5 births, it does not account for the overall raised SBR for the male participants at the plant.
Finally, we examined the participants' SBRs by increments of five years from 1950 to 1990. Table 6 shows that there has been a consistent excess in the SBR in every five year period. There was no significant trend over time in either direction.
PERCENTAGE OF FEMALE OFFSPRING
Another measure of reproductive outcome is the ratio between the number of male offspring to female offspring. For every 1000 children born in the United States, 512 are boys; whereas, 488 are girls. Thus, the average percentage of female offspring is 48-8; the Reproductive effects of sodium borates on male employees: birth rate assessment As the excess in girls rather than boys becomes the question to examine, for the rest of this report we will use the terminology "percentage of female offspring". Table 7 shows that 52 7% of offspring of all the participants were female, almost significant. Table 7 also shows the percentage The female sex ratio for the 42 participants during the period of high exposure (more than two years) is 52-5% compared with 52-8% for the rest of the participants. There was no difference between the two groups. Table 8 shows the percentage of female offspring by the five-year groups. Except for the decade of the 1960s, the percentage of female offspring was raised (50s, 70s, and 80s). The percentage of female offspring has also been raised since the time of the strike in 1974.
When we collected the questionnaire data at the plant from the employees, we were told by several employees that mainly female offspring were fathered by the employees in the RESR area (pilot plant). When we examined the gender of the offspring of these employees, 12 of the 21 offspring (57%) were females. This increase was not significant.
A suggested hypothesis for the increase in female offspring was that many male employees had girls but also wanted a boy so they kept siring children until a boy was born. This would mean that there should be many families with several girls and only one boy. Table 9 shows that there are essentially the same number of families with only one boy and the other girls (86) as there are families with one girl and the rest boys (83). Similarly, in families with three or more children, 29 have either all girls or all girls and one boy; whereas 27 families have either all boys or all boys and one girl. Thus, this hypothesis was disproved.
ASSESSMENTS OF VALIDITY OF RESULTS
In most epidemiological studies, all of the potential study subjects do not participate. Such was the case with this study. We looked at three different methods to determine if any obvious bias had occurred in our data collection procedures. Are the participants and non-participants similar? Are the self administered and telephone administered participants similar? How do the insurance eligibility record data compare with the questionnaire data?
The data indicate (table 1) that the nonparticipants were not demographically different from the participants. As the non-participant data were not as complete as the questionnaire data from the participants due to incomplete ascertainment, their fertility as measured by the SBR was relatively similar to the participants. Thus, we see no notable bias introduced by the non-participants.
Those who responded to the telephone administered questionnaire had not initially completed a self administered questionnaire. When we examined the demographic characteristics, SBRs, and percentage of female offspring for those who completed the self administered questionnaires compared with those who only completed one through telephone interview, there were essentially no differences between the two groups for length of employment, age at hire, year of birth, year of hire, age, vasectomy rate, percentage who tried to conceive for more than one year, and percentage who sought help for fertility problems.
The SBRs for the two groups were both in excess of the expected 100. The self administered group had 426 observed births for a SBR of 112 (P < 0-05). The telephone administered group was smaller with 103 births for a SBR of 121, which approached significance. Similarly, there were only minor differences in the SBR by the different exposure assessments.
The percentage of female offspring was slightly higher for the self administered group (53.3) than the telephone administered group (505), but both were above the expected 48-8%. The female offspring by exposure category were not different between the two groups.
Thus, there seems to be little difference between those who answered the questionnaire through the self administered route compared with those who only responded to a telephone inquiry.
As previously described in the Methods section, we selected a 10% random sample of the participants and reviewed their insurance eligibility records. We then compared the questionnaire data to the insurance data for comparability of SBRs and percentage of female offspring. The questionnaire data had slightly higher SBRs (129 to 123) and a slightly lower percentage of female offspring (51.9 to 56 5). None of these differences were significant.
We then compared the 10% sample of participants with the non-participants. The 10% sample of participants was younger and had been employed for fewer years than the nonparticipants; however, these differences were not significant. The 10% sample group had a higher SBR (123 v 92) and a greater percentage of female offspring (56-5 v 51-6) than the non-participants. These differences were not significant.
Discussion
The purpose of this study was to assess if workplace exposures to sodium borates has caused an alteration to the male reproductive system as measured by fertility. We used the standardized birth ratio method to determine fertility. We also examined percentage of female offspring.
The study of the male workforce exposed to sodium borate showed a significant increase in the number of children sired by the men. This increase seems to be consistent over the time of the study (1950s to 1980s). None of the analyses suggested anything but an excess of children compared with the national average.
None of the various methods we used to evaluate exposures and other temporal factors, seemed to be related to the exposures.
The highest SBR was seen in the lowest exposed group but the second highest SBR was in the highest exposed group. When we examined the men who worked for two or more years in the highest exposure category, their SBRs did not seem to be adversely affected by this exposure. This was true if one waited for three, six, or nine months after the beginning of exposure to start counting conceptions and ultimate births. This contrasted with dibromochloropropane, where the testicular effects were seen within three months and were clearly evident within two years (Whorton et al20). In the dibromochloropropane case, the workers themselves had recognised that the fertility abilities of the men diminished after they started working in the area with dibromochloropropane.
The excess of children in the present study is within a population that has a vasectomy rate nearly five times the national average. One would expect the expected birth rates to be lower in populations with higher vasectomy rates. Thus, the SBRs we report may be an underestimation of the true SBR if the vasectomy rates among the national population were the same as the local population.
The percentage of men who reported unsuccessful attempts with conception for more than one year is about half the national average. The percentage of men seeking medical attention for infertility is also less than the national reported averages. Thus, one must conclude that, in this population exposed to borate, infertility is not an issue.
The reverse ratio of girls to boys born to male employees is not significant, although in a few analyses, this difference becomes significant. The increase in girls is not due to a deficit in boys, but rather just a considerable increase in girls. For the participants, there were 11 more boys than expected compared with 51 more girls. This increase in the number of girls has been consistent for the decades of the 50s, 70s, and 80s. Only during the 1960s were boys born at a higher percentage than girls.
The increase in the percentage of female offspring seems to be inversely related to sodium borate exposure in the total population (table 7) as the lowest two exposure groups have the greatest percentage of female offspring.-The percentage of female offspring sired by the 42 men during the highest exposure period was the same as the overall result from the entire participant population. The only human data on the ratio of girls to boys born among men who had recovered from the adverse affects of dibromochloropropane showed about 80% of the offspring to be girls (Potashnik et al 17) . Also, an increase in girls born to certain types of fighter pilots and chemists has been reported (Amato2I).
Based on the data in this study, we cannot determine why the male employees exposed to sodium berates have an increase in female offspring. Based on our assessments of bias, we do not believe that we selectively missed any group of live births. Thus, we believe that the data reported here are representative of the fertility as assessed by live births for this population of employees exposed to borate. The questionnaire method used in this study was first used by Wong et al. 12 It has been subsequently used extensively by Levine et al, 22 Wong et al," and others. The power to find a positive result (either excess or deficit) in our study was very good. As shown in our data, we found significant findings at P < 0 01 when the excess of births was only 13%.
The fertility rates for women used in this questionnaire method are not adjusted for marriage. As married women have more children than do unmarried women but the fertility rates combine both married and unmarried women, a cohort of married women is expected to have a greater birth ratio than the total population that comprises both married and unmarried women. To compensate for this effect, we conducted internal comparisons with the exposure classification values developed by Hu et al. 19 We found no evidence of an effect based on borate exposure and birth outcomes.
Although this questionnaire method does not evaluate the function of the male gonads directly, it does provide information about the ultimate end point: ability to conceive and have the conceptus born alive. Any direct gonadal study in this population would be hampered by the high vasectomy rate.
Like most workplace studies, a weakness of this study was This study has importance to the estimated one million workers exposed to sodium borates in the United States and Europe.
Most, if not all of these workers have lower exposures than the study group. Based on the findings of this study, one would not anticipate any adverse reproductive effects in the less exposed population.
